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Caractériser les environnements sonores

• Directive 2002/EC/49

• Modèle harmonisé au niveau 
européen
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Caractériser les environnements sonores

• Précision ?

• Les outils ?

• La perception ?

• Utiliser des mesures ?
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I. Des modèles
Cartographier et prédire les environnements sonores



Pierre Aumond, UMRAE

Standardisé
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“Standard” noise models

• CNOSSOS–like / Geometrical approaches

Emission model
Road trafic

Rail trafic

Air trafic

Path-finding algorithm

Attenuation model

Salomons, E., Van Maercke, D., Defrance, J., & de Roo, F. (2011). The Harmonoise sound propagation model. 

Acta acustica united with acustica, 97(1), 62-74.

Kephalopoulos, S., Paviotti, M., & Anfosso-Lédée, F. (2012). Common noise assessment methods in Europe 

(CNOSSOS-EU). Common noise assessment methods in Europe (CNOSSOS-EU), 180-p.



Pierre Aumond, UMRAE

“Standard” noise models

Geometry & sound power of the sources

Source characteristics as :

• Speed

• Contact surface (pavement, rugosity, …)

• Vehicule type (light vehicule, heavy vehicule, fret, …)

• Environmental conditions (temperature)

• Slope, distance to intersection

• etc.

Empiric model

Rolling noise

Propulsion noise

Aerodynamic noise

LW(f) – dB/m

+ Flow Rate

(different heights & directivities)
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“Standard” noise models

• Topography

• Geometry & acoustic characteristics of the obstacles

• Geometry & nature of the ground

• Occurrences of meteorological downward‐refraction conditions in all the or each 

propagation direction concerned.

• Others meteorological factors
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Outils
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NoiseModelling

• from 2010

• initial goal : by and for researchers

• CNOSSOS-EU model

• Java libraries

• GIS databases connection

• Basic user-interface
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Open-Source

• Open science

• reproducibility

• traceability

• transparency

• NoiseModelling

• Sound Mapping Tools ArcGIS toolbox

• QGIS plugin OpenoiseMap
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Modèles de référence
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Modèles de références

Ten questions concerning computational urban

acoustics – Hornikx, 2016
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Equation Parabolique

Fort développement pour le bruit éolien.

Bill Kayser, Benoit Gauvreau
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Equation Parabolique

Bill Kayser, Benoit Gauvreau

Proche de la source ? (EWAPE)
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Equation Parabolique

Admittance effective

sol plan + effet moyen de la rugosité sur la diffusion des ondes. 

Bill Kayser, Benoit Gauvreau

B. Kayser, et. al., Sensitivity analysis of a parabolic equation model to ground impedance and surface 

roughness for wind turbine noise. The Journal of the Acoustical Society of America, 2019
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Equation Parabolique

Khodr, C., Azarpeyvand, M., & Green, D. N. (2020). An iterative three-

dimensional parabolic equation solver for propagation above irregular 

boundaries. The Journal of the Acoustical Society of America, 148(2), 

1089-1100.

Wilson, D. K., Shaw, M. J., Ostashev, V. E., Muhlestein, M. 

B., Alter, R. E., Swearingen, M. E., & McComas, S. L. (2022). 

Numerical modeling of mesoscale infrasound propagation in 

the Arctic. The Journal of the Acoustical Society of America, 

151(1), 138-157.

Bill Kayser, Benoit Gauvreau

Sol, Relief, Atmosphère 3D



Pierre Aumond, UMRAE

Equation Parabolique

Bill Kayser, Benoit Gauvreau

Eolien Offshore ?
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Autres modèles de référence

Van Renterghem, T., 2004. The finite-difference time-domain method for simulation of sound propagation in 

a moving medium. 

T. Van Renterghem, 2006. Parameter study of sound propagation between city canyons with a coupled FDTD-PE model.

M. Hornikx et al. 2016. openPSTD: The open source pseudospectral time-domain method for acoustic propagation.

Auralisation
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Cartographie à bas-coût
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Utilisation de données libres

« Noise Mapping based on OpenStreetMap data », E Bocher · 2019

https://github.com/lukasmartinelli/osm-noise-pollution , 2015

• Presque tous les jeux de données

peuvent être trouvé sauf….

• Les données de traffic routier
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Inférence statistique pour modèles bas-coût

Noise Estimation Using Road and Urban 

Features, G.R Gozalo et al., 2020

A neural network based model for urban noise 

prediction, Genaro et al., 2010
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Nouvelles méthodologies
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Intégration de la dynamique temporelle

Arnaud Can et al. 2015 Guillermo Quintero et al., 2018
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Intégration de la dynamique temporelle

Valentin Lebescond et al. 2018
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Intégrer plus de sources sonores

Spatio-temporal activity model

Probabilistic modeling framework for multisource sound mapping, Aumond et al. 2018

Voices Bird songs

Traffic

Sound emission 

model
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Meta-modèles et fusion de 

données
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Meta-modèles et fusion de 

données
Meta-Modèles

Enjeux en termes de niveaux sonores

Enjeux en termes de variabilité

Qualitatif

Bill Kayser, Benoit Gauvreau
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II. Des observations
Cartographier et prédire les environnements sonores
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Réseau de capteurs « Low-cost »

„Environmental noise is open data“

Ok labs, Germany
ANR CENSE, Lorient

J. Picaut et al. 2021 - Low-Cost Sensors for Urban Noise Monitoring Networks—A 

Literature Review
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Mesures mobiles

Turn your mobile phone into an environmental 

sensor and participate in the monitoring of noise 

pollutionE. Bocher et al., 2018 Noise mapping based on participative measurements.
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Observations + Modèles
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Meta-modèles et fusion de 

données

Antoine Lesieur, 2021

Assimilation de données
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III. Le paysage sonore en 
acoustique environnementale
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Le « Paysage Sonore » en acoustique 
environnementale

“Acoustic environment as perceived 
or experienced and/or understood 
by a person or people, in context”

ISO 12913-1:2014 

Acoustique — Paysage sonore

ACOUSTIC 
ENVIRONMENT

by 

PERSON

as

PERCEIVED

in

CONTEXT
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Cartographies du paysage sonore

« Agréable »

cense.noise-planet.org

« Qualité » « Approprié »

Kang, J., Aletta, F., Margaritis, E. Yang, M. (2018). A model for implementing soundscape maps in smart cities, Noise 

Mapping 5(1):46-59

Hong YJ.Y. (2017). Exploring spatial relationships among soundscape variables in urban areas: A spatial statistical modelling approach, Landscape and Urban Planning 157, 352–3
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Cartographies individualisées

Klæboe, R., Engelien, E., Steinnes, M. (2006). Context sensitive noise impact mapping, Applied Acoustics, 67 (7), 620-642,

Résidents peu sensibles Résidents très sensibles
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Reconnaissance des sources

Perceived sound level

L50,1kHz (or N50 or…)

Presence time of bird songs

TFSD4kHz

Presence time of voices

TFSD500Hz

Pleasantness

Rapport Final, projet ADEME GRAFIC, 2017
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SONYC, 2017
Analysis and interpretation of urban sound scenes using deep learning 

approache, F. Gontier, 2020

Reconnaissance des sources
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Quelques cartographies

soundcartography.wordpress.com

• Geolocalized recordings

• Measured sound

• Simulated sound

• Noise complaints

• Variety of sound sources

• Variety of representation

• From engineering to art
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Conclusion
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Thank you !
Pierre AUMOND et les collègues du laboratoire !

Université Gustave Eiffel, CEREMA, UMRAE

Workshop SERENADE – 2022

www.umrae.fr

www.noise-planet.org

soundcartography.wordpress.com

pierre.aumond@univ-eiffel.fr

http://www.umrae.fr/
http://www.noise-planet.org/
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Segmentation

46
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IV. Propagation
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PathFinding
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Attenuation
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Favourable conditions

N

S
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Attenuation



Pierre Aumond, UMRAE

Attenuation
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Adiv
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Aatm
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Aground
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Aground
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Adiff

> 0 dB & < 25 dB
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Aref
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IV. Limits
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Given limits…
• Height receivers > 2m

• Distance < 800 m

• downward‐refraction / homogeneous

• 63 Hz to 4 000 Hz – center band

• Breakdown of the infrastructures into point sources

• does not apply to propagation scenarios above a water body (lake, wide river, etc.).

• The effects of tunnel mouths are not dealt with by the method.

• This method considers obstacles to be equivalent to flat surfaces. 

Known limits…
• Berm cannot be modelled

• Screen induced refraction

• Upward-refraction

• Constructive interferences


